The news media is a primary source of science information for American adults. News stories are often driven by press releases and other communications "pushed" by institutions, publishers, organizations, and private companies. This article, from the perspective of a public science communicator, examines and critiques push communications, offers some best practices for press releases, and presents examples of other "pull" approaches to communicating science that more closely align with both the process of science and with the interests and values of public audiences.
INTRODUCTION
The majority of American adults receive no formal instruction in science beyond high school (National Center for Education Statistics, 2016) . While some seek out science news and sciencethemed media, most are exposed to science in a passive manner, reading science stories as they come across them in general news sources (Funk et al., 2017) .
News media thus are a target for science communications professionals. While the desire for media coverage is nothing new, several trends are affecting news that have implications for science communication. These include fewer science reporters employed by the news media, an "attention economy" that demands more frequent and attractive news, and a diversified media landscape created by the Internet. Scientists themselves are increasingly oriented toward the media as academic performance evaluation encourages being in the spotlight (Dunwoody, 2014; Weingart and Guenther, 2016; Weingart, 2017) .
Combined, these trends have resulted in a greater flow of science press releases (Autzen, 2014) . Charged with promoting science and/or the work of scientific institutions, journal publishers, press officers, and staff science writers "push" their message out to the media. Marcinkowski and Kohring (2014) distinguish this from "pull" communication, where "the communicator makes his/her information available to an anonymous and dispersed public through appropriate channels, which can then be selected and 'pulled' on by recipients according to their individual interests."
As a science communicator employed by a publicly funded science organization at a public university, I find that this push/pull distinction provides a helpful framework for examining science communication in the context of "news. "
I do not challenge the assumption that public organizations are obligated to inform and involve citizens (Lohwater and Storksdieck, 2017) or secure legitimacy for science funding (Weingart and Guenther, 2016) . But is news the right media for fulfilling these obligations?
In my work, I am not preoccupied with institutional branding or attention garnering. Does that make me an anomaly, as Bauer et al. (2013) would suggest? In fact, each of the 33 Sea Grant programs employs at least one communicator whose job is to communicate about funded research, but also science in general, with an emphasis on providing quality and useful information. Sea Grant programs removed media metrics from annual performance measures over a decade ago.
Still, institutional and political pressures to "get coverage" persist. For example, exchanges on the National Association of Science Writers member listserv for public information officers (PIOs) regularly discuss writing press releases and the merits and pitfalls of various media attention strategies that suggest outside influence-PIOs are responding to some explicit or implicit directive, from within or beyond their office, to write and place news stories. Yet, PIOs also question whether news is the right format for communicating science.
Here, I explore this question and present evidence, based primarily on my experience, supporting both best practices for "pushing" stories and alternative, "pulling" approaches to science communication.
THE PUSH IS ON
Push communication has become the dominant form of public science communication (Marcinkowski and Kohring, 2014) . The majority of science news occurs after research projects are completed and results are published in a peer-reviewed journal (Funk et al., 2017) . Science news is driven by journal publishers and the researchers' host institutions, who distribute embargoed press releases and story packages for journal articles they deem important.
Students and beginning reporters are often taught to "start with the press release" (e.g., Appiah and Cassasbuenas, 2016) . Press releases explain the study's significance to reporters who are assumed to be crushing against deadline (Jackson and Moloney, 2016; Oransky and Marcus, 2016) . This system has led to a process in which just a handful of sources (e.g., Science, Nature) set the news agenda (Hermida, 2010) . In a kind of "reactive journalism" (Jackson and Moloney, 2016) , reporters tend to cover the same stories so as not to miss out, resulting in the same stories reported by different outlets at the same time.
Increasingly, press releases are quoted from without attribution, or reprinted in full as reported stories ("churnalism"; Harcup, 2004; Davies, 2008; Lewis et al., 2008; Jackson and Moloney, 2016; Shipman, 2016; Johnston and Forde, 2017) .
The desire to get in the news creates an emphasis on hype that, while enticing, gives too little attention to the relevance of science for the average person or the quality of the research (Bubela et al., 2009; Rehman, 2013; Bilton, 2016; Weingart, 2017) . After news discoveries, the most common science stories are about "strange or weird" research findings (Funk et al., 2017) . Press releases and news stories exaggerate claims of significance, even though readers think news outlets are too quick to report findings that may not 'hold up'" (Funk et al., 2017) .
Such claims are pervasive in the fields of health and nutrition (Woloshin and Schwartz, 2002; Bohannon, 2015) , even though exaggeration does not increase the likelihood of news coverage (Sumner et al., 2016) .
Supporting the idea that a scientific paper or research finding represents a conclusion or aha! discovery of some kind has been called one of the biggest failures of science reporting (Robbins, 2010) . Marcinkowski and Kohring (2014) go so far as to call push communication a threat to the autonomy of scientific research.
The problem here is not necessarily with news or press releases or hype or attention-seeking. The problem is when these practices are combined with science, because they often violate the knowledge-generating norms of science itself: accounting for contradictory evidence, specifying the level of confidence attached to findings, and precise expression of hypothesis, methods, and findings. The "production infrastructure" of the news media is asynchronous with science: episodic instead of chronic, short instead of long, urgent instead of cautious. Science communication should adhere to these norms; otherwise the science itself is called into question. This relationship differentiates science communication from other forms of public information sharing (Jamieson, 2017) and is more supportive of pull communications (discussed further below).
However, science is newsworthy. The media (print and online newspapers and magazines, television, radio) consider information "news" based on its timeliness, novelty, conflict, and agency. So, when does it make sense to push a communication?
WHEN SCIENCE IS NEWS: RECOMMENDATIONS FOR PUSH COMMUNICATION
Despite the above criticisms, publication in a journal qualifies as an "event" with obvious timeliness. As Autzen (2014) noted, the press release-media story pattern is "already a well-run ecosystem" unlikely to change anytime soon. It would be hard for any science communicator to abandon journal article press releases entirely.
When writing a story based on a journal article, the writer must strive to avoid heightening claims of significance, and to place the article in context with previous research and what research comes next. Other best practices include citing funding sources, providing links to the journal article and research labs, as well as suggesting ways readers might take action on a given issue (Purcell et al., 2010; Russell, 2010) ; and provide evidence, rather than the words of an expert telling people what to think (Brown, 2009) .
Many funding agencies and grant recipients issue announcements at the time of a new award for scientific research. Money is news, and public audiences deserve to know about new research, especially if the funding is from a public agency. The grantor wants the world to know that money is being spent and how. The grantee wants to demonstrate their success in competing for funds, and generate excitement about (and attention to) the research to come. A benefit of these announcements is that the funding source is a main point of the story, whereas this credit tends to get lost when science is reported at later stages (Cook et al., 2007) .
However, in the attempt to attract attention, even new project announcements can overstate the potential impact of the research.
Such overstatement might derive from the original proposal to the funder, or might come from the researcher after prompting by the writer (who is under pressure to get coverage).
Writing about a new grant does not translate into continued coverage. With a constant focus on "new" research and results, news writers rarely follow-up to see what became of previously reported research and whether or not the suggested impacts were ever realized (e.g., Dumas-Mallet et al., 2017) . The news of the grant remains untethered to the news of the results. This could lead to mistrust among readers, if they feel they are always reading about new projects, but never find out what happened. Lack of follow-up also miscommunicates the process of science, and thus fails to improve public understanding of science no matter how well-written the story. Issuing an announcement of new work comes with a commitment to following the work as it proceeds, and providing an accessible location for readers to access information about project status and outcomes.
A given research project is rarely a new idea. New studies build on previous work. What might be new is the investigator, the group of investigators or collaborators, the location of research, the hypothesis, or the method. Focusing on the period between a funding award and journal publication is more synchronous with the process of science. Most Americans do not understand the concept of a scientific study and news media may be contributing to this misunderstanding (Miller, 2010) .
Science can be news during the research process: when researchers conduct field experiments, when they present their work, or when research poses opportunities for stakeholder engagement. Communicating about science as it happens provides an opportunity to humanize science, such as through interviews and profiles (Bubela et al., 2009 ). These in medias res stories are often more difficult to write, as they require time and ability to visit field sites. They can be more difficult to publish if editors do not consider them newsworthy, although they can become part of a longer investigative or synthetic story published later. Unlike prepackaged journal articles, in-process science pieces result in better stories that are not being written by every other reporter (Russell, 2010) .
One successful "news" angle for these stories is research conducted by scientists at local institutions or research happening in the local environment, as nearly three-quarters of American adults follow local news closely (Miller et al., 2012) . Stories about science in the neighborhood or region show that science is everywhere, and does not only happen at large research institutions or distant exotic locations.
Science is news when the question being investigated or results have urgency or significance to a specific audience. As Weingart and Guenther (2016) said, "if the science is relevant, useful, interesting, one does not need to work very hard to attract attention. " However, from the perspective of a publicly funded science organization, push communication requires a knowledge of what motivates people's concern for and interest in an issue (Bubela et al., 2009) , what questions they have, and what format(s) for communication is most appropriate to the audience(s).
Research on salient issues cannot be communicated in a single press release, especially research that addresses societal concerns, as is the case with most publicly funded projects. Relevant, applied science demands that public science communicators balance pushing with pulling.
BEYOND THE NEWS: ALTERNATIVE APPROACHES FOR PULL COMMUNICATION
As cited in the Introduction, most people passively consume "science" news through general news sources (Funk et al., 2017) . This exposure is severely limited, as science makes up about 2% or less of the news media (National Science Board, 2016). It is risky for a public science communicator to rely on chance or casual encounter with science content as part of the crowded and rapid news cycle.
In the "stampede of coverage" that follows journal article press releases, opportunities for distinctive reporting are few (Robbins, 2010; Rennie, 2011) . Some reporters will not cover "old" research results, even studies that appeared online a week or two earlier. News writers can rarely look back to see what (if anything) became of the "discoveries" they previously reported (Rennie, 2011) . Rather than trying to attract the stampede, science communication professionals can do the work that news writers cannot.
Data about information-seeking habits support pull communication approaches. When people have specific science-related questions or interests, they search the Internet (Brossard and Scheufele, 2013; National Science Board, 2016) . A goal of pull communication is to supply content that will satisfy search results. This is especially important to counter the volume of misinformation and "pseudoscience" available online. Since it is less reliant on timeliness, pull communication can be revised and updated in order to remain pertinent over longer periods of time than news media.
The key to successful pull communications is identifying what information people need or desire, now or in the future. Even when not practicing push communication, it is still important to follow the news and gain a sense for the issues. In my work, this accounts for most of my interaction with media: informally assessing public information needs. Science communicators can then respond by providing context, explanation, and analysis (see Masnick and Zimmerman, 2009 ); for example, by tracking research on a given topic over time (Hermida, 2010; Rehman, 2013) , addressing "frequently asked questions" (e.g., Kaczor, 2015) , or filling gaps in media coverage that have been identified (e.g., Schmitt, 2014; Wilcox, 2016) . Given the decline in journalism staffs and funding, public science communicators are well suited to fill expanding roles of civic educators and curators, aggregating and making sense of existing news and controversies (Fahy and Nisbet, 2011) . Science communicators can work with laboratories and departments to create content driven by stakeholder needs. Continued responsiveness over time can help an institution or organization build a reputation as a trusted source of science-based information.
Another way to assess information needs is through direct engagement with audiences, for example through informal events, open houses, "ask a scientist" features, and partnerships with local land trusts, museums, and other science-related centers. Most Americans (62%) have encountered science information in the past year at an informal learning venue, such as a park, zoo, or museum; 16% participated in a citizen science project (Funk et al., 2017) . Participatory models make the scientific process more interactive and encourage discussion of scientific issues (Secko et al., 2013) . These activities serve to raise awareness of research while also providing an informal assessment of target audience interests and information needs, which can then be addressed with additional science content.
Is there a danger in providing information directly to the public without any "quality check by gatekeepers such as journalists" (Weingart and Guenther, 2016) ? The gatekeeping function is inherent to the practice of science. As long as science communicators adhere to the norms and values of science, pull communication can be less fraught with potential for error, hype, and confusion.
CONCLUSION
The pressure for public science communicators to attract attention and "get coverage" is real, although further study of such pressures is needed. Why are science messages "pushed" through a blurry realm of science, the media, marketing, and public relations (Weingart, 2017) ? Who is really doing the pushing?
Push communication may not always be the best approach for public science communicators charged with enhancing scientific literacy, legitimizing public support for science, and providing information for making societal and political decisions.
"Pull" methods of communicating science more closely align with the process of science, the goals of publicly funded and nonprofit institutions, and with the interests and values of public audiences. Implementing these approaches might influence public understanding of science, while also generating interesting and well-written science stories across multiple media outlets.
The challenge is finding the willingness and capacity to take a different approach. Connecting practitioners with research on science news beyond health and medical sciences, evaluations of push versus pull communications, and understanding more about the media and information needs and preferences of target audiences would support science communicators and writers who want to push less and pull more.
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